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CarbonNanotube

CNT is a tubular form of carbon ,.vith

diameter as small as 1 rim.

Length: few nm to microns.

CNT is configurationally equivalent to a

two dimensional graphene _heet

roiled into a tube,

CNT exhibits extraordma.zy

mechanical properties:

Yo'dng'$ modulus over

l Tera Pascal, as stiff as

diamond, and tensile strength

- 200 GPa.

CN_r can be metallic or _emiconduc:mg,

depending on chirolity

• Nanoroechanics of Nanotubes and Nanotube+P ,lymer Composites

•-}'Dr. Chen_'u Wei (Postdoc_, Prof. K. Cho (Stanfm I r vers y)

• Chemical Functionalization, Thermal Condncti it?'. Gas Slorage

_ Prof. Don Brenner (NC State), Prof. M. Osman (;_ ashmgton State)

• Molecular Electronics with Nanotube Hetero-j. actions

-)Dr, bladhu Menon (U. Ky) and Dr. Antonis Andr_ ,ti_ U. Crete)

• Quantum Computing with Doped Bucky Onion and Fullerenes

-)Seongjun Park (Student), Prof. K. Cho (Stanfordl

• Genetic Algorithm based Searches for Ne,_ MC ,cular Force Field

•=)AI Giobus (NASA Ames)

Spatio-Temporal Resolution

- bulk continuous media

- 1000 a ores

Molecular Dynamics KMC, TDMC Expenmen,,s Long tmle su"uctural
I-

-up to lOOs of _ Hyperdynan_cs - up :o _ hours



- High value of Young's Modulus (1.2 -1.3 T Pa for SWNTs)

- Elastic limit up to 19-15% strain
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Computer Simulations: Characterization of New Materials!

• Experiment: buckling and collapse of

nanotubes embedded

in polymer composites

Buckle, bend and

Nloops of thick
tubes.

Local collapse or

fractur_ of thin

tubes¸

 soi
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Nanostruetured skin effect :

Computer Simulations Generating new IP !

Simulation: 30% yielding strain from fast swam rate (Ups) molecular

dynamics simulations (B. Yakobson et. aL 1997)

Experiments: 6% maxunum swam in SWCNT ropes; 12% maximum

strain in MWCNTs ?

11.5% te_ile strained 9% ten.site strained

(10,0) T=| 600K (5.5i T=2,,_O K
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Trm_sition State "I'heory Derived

Formula

- yielding: strongly dependent

on the strain rate and temperature !

- Linear dependence on the

temperature of the of the yielding

strata vs swam rate ~ activated

p;'_x:ess

.Experimental feasible conditions: teagth - I#m; strain rate - l/hour; T - 300K

Yield strain: 9 ± 1%, Experiments: 6-12% strain for SWNT ropes

c. wei, K. Cho _d D. S:avasmva, submitted Phys. R_v. LeU.

- Structural and thermal properties

- Load transfer and mechanical prope_ies

SEM images of ¢poxy-CNT composite

fUS Schadler e, al. Alml Phyt _ v73 P3S42. 199S)

SEM images of polymer (polyvinylacohol)

ribbon contained CNT fibers & knotted CNT

fibers
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Thai Charactenzatton of Nanombes and7

• Thermal conductivity of single-wall nanu uh_s

• NanotubeJpolymer composites as high th, ,.'n_ _1 expansion

coefficient materials

• Thermal conductivity of nanotube/pnlym_ :- c _mposite
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• Thermal peak position h,'_ a strong

dependence on the radius of the tub¢

and weak dependence on chirality

• Typical peak thermal conductivity

is aboul 2000-3000 W/InK

• High thermal conductivity material

with highly directiona I heat-flow

and weak dependence on ehir;dity

M, Osm_n and D. Srivastave. Nanot tchno[o_'. Vol. I2.21 l_2"0I _

Small system: I..fD-2, Np=10

! glass : Tg

o,i " _ _ :rubber\

i composite _ '-, liquid

"_'"!_o_\.
0 1 glass i ,

[ TO i _ liquid

, ernperature [K)

! -Glass tr_qsidon ,:mperature Tg increased

* from 150K to l'_ K

i
-Thermal expan: n toefficient$: (K -1)

PE :_E-CNT

I T<Tg 3.8x10 _-5x]O

T>Tg 86x10 " 20×10 -4 _'4_

,_ -4 - T T'_°(Exper_mental ',';t ,_e _ × 0 K ; < g,'
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[Thermal Diffusi0n Coefficients I NA._

Small system: L/D-2, Np=10
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Diffusion coefficients of polymer

with CN'Ts embedded

Diffusion coefficient increased.

especially along CNT axis direcuon,

indicanng enhancement of thermal

conductivity

* Experiments on diffusivi_y m

ABSiCNT & RTV! CNT siaow larger

increase (Rick Berrera's group at Rice

University)

• C Wet, D Snvastzva, and K. Cho (submmed 2001')
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Work hardelung of composite

i with stretching

,Is

TEM images, 1 al,gnment of CNT_

in a polymer 1_ ,itri_ by stretching ]

IL ,Y0ung's'Moduius ::[

-Young's modulus of CNrI" composites 30% higher than F31ymer mamx

-Stretching treatments enhance Y by 50%

(L/D-2, Np= 10) o_
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• There is not much out there, except emulation _F _,i based paradigms

for some so_ of hybrid technology

• Nanotube-Crossbar based memory, and compul %,,

C Lieber (H,'u'vard)

S. Williams IHP), J Heath 05CLA)

:::_T6,_r:i_roposed-M_:]ei:/_eura!si'g-_ai7 7_

Cera] Sensory. SystcIYl (inter-neuron) of a cricket

Bio_mi_c i)endritil

A a-level denmtic neural nee: 14 branched c_rb_ _ nanotubejunctiom

I

Biological Dendritic Neur_ Trt_

• One dimensional cable theory +

FIodgkm-Huxl_y model for action-potential

based inforn_tion flow

• I_btmation processing is coded in (a)

bra,_=tung at the junctio)_, and Co) time-

scric_ sequcncin_ of _h_ signal spikes

• Input - outpul - control: is based on (a)

struc_ral details of foe bra_hcs and

unction, and (b) via chemical

:nvlrorur_nt

- Short and long term memory is parl of the

structure: evolutionary in nature

Carbon Nanotub¢: Dendritic T_"e

• I_¢ctronic, acoustic, thermal, and

chemical signal transmission and

information pr_essing

• Information proc¢ss[ng can be ba_od on

(a) branching - switching at thejunctiom.

az_l Co) tirr_ series sequcnein[ of signal-

spikes

• Input - ouzput - control: can be based on

(a) x_cmral details, Co) chcrmcat

enviromncnt, and (c) physic_d contacL_ at
the ends?

• Short and long term mcrnoty can bc par_

of structure by dcfcc! and cbcrmcal

ad$oPoatc placements:design for specific

purDOsc/f_n:do nalit)/



Solution: Use Encapsu|ated Atoms as Qubits r.

E)ectrOl_C Control Gat_
t

I Example: _H encapsulated m Cs.

de_ity shows a

weak rncta-xt_bl¢

stat_ of IH at the

center of C_

[ Suitable Solid.state Qubits Identified:

Proposal: Arrays of"encapsulated" I

atorm (with % nuclear spin - qublts) • tH encapsulated m a C_D m fullerene

will be e_asy to fabricate as compared [
to Lhe _rrays of'6x sitmlar bttre atotm I .31p enc_st_ated m a diamond

i nanoc_,s_-llitc

Charge Density of 1H Encapsulated in C2oD2o

O The valance election charge density of 'H leakes out of C_D:e cage

molecule. This is good and needed for neighboring qubit interactions.

"//
S. Park, D. Srivastava amt K. Cho, J. NattoSc. NauoTech. (2001)

Model 2: 31p doped in Diamond or Silicon

• Weakly bound donor alectrort hint strong S-|lke alettrontc charge denaity

at the center, and a re_onable spread o[ the dec.ay for off center posRiom

_:P in Diamond _tp in $1

S. Park, D. Srivastava and K. Clio, j. NanoSc. and NanoTech. (2001)

m I N/_,ff.N,c_m.
J. Han, A Globus and R. Jaffe
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